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Motivation 





Lİ Bug robot 


I 






Copper: o=5.813x107S/m 
Biomimetic walking Bug robot Carbon Fiber: £—4.2 


of UC-Berkeley Polyester: e=4.5 


B Use body itself as chassis antenna: can reduce total weigh 
B Robot Size : 6.4x 6.1x 2.4 cm? 


B Frequency : 2.5 GHz 
B Proper coupler design is critical for exciting chassis mode. 
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Theory : CM 


[] Characteristic modes(CM) 


B For electrically small and intermediate size bodies, only a few CM modes are 
needed to characterize the electromagnetic behavior of the body. 





O Scattered field by the metallic material 
B Scatterer(metallic material), Incident field(E;) 


B CM method: Characteristic modes, eigenvalues, modal coefficient 


Impedance Generalized eigenvalue Modal Total 
matrix equation coefficient current 





ZL=K+ jx | „) i ( n) n ( n ) : J= ja” 
J (characteristic mode) (A 5) E i Bag 00 77007 
A, (eigenvalue) : 





R. F. Harrington and J. R. Mautz, "Theory of Characteristic Modes for Conducting Bodies," | 4 _ _ eS AN 
IEEE Transactions on Antennas and Propagation, AP-19, 5, September 197 1, pp. 622-628. ' Applied Electromagnetics Laboratory mni 








LI Generalized eigenvalue equation 
X(J,)=2,R(J,) 


M An: elgenvalues 


M Jn: eigenvectors (characteristic currents or modes) 


LI Orthogonality relationships 


Öz (B,C) =[[] B-Cds 
S 
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L Eigenvalues of CM 


E Generalized eigenvalue equation 
(IT, RI, ÇI, RI, ES, 
x(J,)=2,R(J,) DX 


M Power balance for currents J on 5 


(Ty KIŞ) ÇİŞ KI, = A, 8 


P,=(J,,ZJ,)=(J,,RJ,)+ j(J, ,XJ,)=(1+ ja) 


=f eH a+ tof [fale ov la 
S V V 
A, — 0: resonance 


A, » O:storing magnetic energy 


A, <0:storing electric energy 
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Previous works 





LI Additional Structure (Bezel) 


E Dual mode system 


M Reactive near field approach 


à Mode 1 excite 
-5 W 1 








Sty, 
Mode 2 excite 





Figure 2: Normalized magnitudes of electric and magnetic fields of both 
modes at 0.89 GHz. 





H. Li, Z. Mier, and B. K. Lau, “Generating multiple characteristic modes below 1GHz in 


small terminals for MIMO antenna design," in Proc. IEEE Int. Symp. Antennas Propag., Applied Electromagnetics Laboratory İma 
Orlando, FL, USA, Jul. 7-13, 2013, pp. 180-181. 





Previous works 





LI Booster concept 


m Excite same mode, only matching circuit is different 


E Coupler effect on CM ıs negligible 


3 ] Plane model(High band) 


Low band-excite 
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| Max E-Current: 
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Plane model(Low band) 


Eigenvalue 
(A) 
-0.255 E0 
-3.261 E0 


Mode 





2 





Booster model(Low band) 


Eigenvalue 
(A) 
-0.311 EO 
-3.457 EO 














e Model. Mode I 
Mode Eigenvalue 
(A) 
l 0.2982 EO 
si 2 -0.363 EO 
© "a z Low Frequency Region 
UA c | Booster model(High band) 
Transmission Line zA BL 
Mode 
Wes 
High Frequency Region . 
"M 1 
2 
A. Andujar, J. Anguera, and C. Puente, "Ground plane boosters as a Mode2 Mode 2 





compact antenna technology for wireless handheld devices,” IEEE Trans. 


Antennas Propag., vol. 59, no. 5, pp. 1668-1677, May 2011. Applied Electromagnetics Laboratory piss 





Simulation results 





LICM analysis @ 2.5GHz 








Reactance=0 


Carbon Fiber: e=4.2 d / | 
Polyester: £—4.5 in ool ; n : ——— 
Mode number, n 


Copper: o=5.813x107 S/m 














Simulation results 





LICM analysis @ 2.5GHz 
B Mode 1, Mode 2 : dipole patterns 


© © 





Mode 3 
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Simulation results 





Lİ Suggesting Booster — ver. 1 
m H-shape booster 





m Dual mode support 





23.7 X 1.5 (mm) 10 X 7 (mm) 





Mode1 Mode2 
(Flip view) 
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E 


LI Modeling 
E Mode 1; FBW = 2.42 % 
M Mode 2; FBW= 15.25 % 





S-parameters 


—AÁd—.o S —9— S544 —.— St —H— 52 


S-parameters [dB] 





1.8 2.0 22 24 2.6 2.8 
Frequency [GHz] 














[ ] Far field 


E Rad. Eff : 81.3 % (Mode 1), > 95 % (Mode 2) 
B Mode Purity: Mode 1- 98.71% , Mode 2 - 99.22% 
B Fach mode works well by switched mode : pattern diversity 





Port3, 4 excite (Mode1) Porti, 2 excite (Mode2 ) 
Total field Total field 





Applied Electromagnetics Laboratory 454 





Measurement results 










LI Far field measurement 
E Excite port 1 and 2 (Mode 2) 
E Feed using power divider 


M Measurement matched well with simulation 


Phi = 0 Phi = 90 Theta = 90 
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LI Suggesting Booster — ver.2 
m For MIMO application 
Three modes are used 


Positioning boosters for efficient system design 


Using bilateral symmetric property 


t= 


YI LL 





[vivevg] [ 101 | [ & 3 o | [ 1 0 -1 | 
Rad. Eff 0.9594 0.9688 0.9626 
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Analysis of characteristic current 





LI Three dominant characteristic mode 
= Mode 1, Mode 3 : Even mode | Mode 2 : odd mode 
= Between even(or odd) modes current correlation at all points except null 


" Physical meaning of correlation : excite together from single excitor 
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LJ Excitation for 3-port MIMO antenna 
= Even and odd mode separation : using symmetric property. 
" Mode 1 and mode 3 are correlated near port 1&3 


> Port 1:a* jJ, +b * J» & Port 3 : a * J4 + b' * J3 





= Rat-race coupler converts combined current to distinct current 


Input Output(Sum&Del) 


axJ,+b*J; 


a’ “İz tb * Js 





"u [nthisdesign,a=a =1% b=-—b =1 
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LI Design overview 


M Use decoupling network to separate correlated modes | 


B Matching network 1s needed 





30 mm 






MN 
(Mode 1&3) 


TRx 
(Mode 2) 
Decoupling 
network 






MN 

(Mode 1&3) 
IRx 

(Mode 1) 
TEx 

(Mode 3) 
Additional 

matching 





(Mode 1&3) | | (Mode 1&3) 


Decoupling Network 


IRxI TRx2 TRx3 


(Mode 2) (Mode 1) (Mode 3) 
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C Simulation results 


m FCC < 0.04 
E Coupling < -20 dB 


S21, S31, 532 


S-Parameter (dB) 
Envelope Correlation Coefficient 





20 21 22 23 24 25 25 27 28 29 30 





Frequency (GHz) Frequency (GHz) 
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Conclusion 





[] Target Modes (mode 1, 2) can be excited selectively by proposed 


Booster 


[] Antenna design for pattern diversity MIMO system can be possible by 
combining characteristic mode analysis and decoupling network design 


although characteristic modes are correlated. 
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Thank You! 
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